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LRR-receptor like proteinNovelMedicago truncatulamutant line, supn, is conﬁrmed as hyper-nodulating phenotype mutant. supnmutant
is displaying short root phenotype with increasing nodule numbers approximately three folds compared to wild
type phenotype. supn is Tnt1-retrotransposon mutant, more than ~40 Tnt1 insertion sites were identiﬁed and
sequenced during molecular characterization of supn. About only 10% of insertions could be accountable for
super-nodulation phenotype. The predictedM. truncatula GSO2-like locus was isolated, cloned, and sequenced
through the Tnt1-insertion screening. The putativeMt GSO2-like is 3287 bp in lengthwith two exons and one in-
tron, 1974 bp, 1140 bp, and 173 bp lengths respectively and it is predicted to encode leucin rich-repeats receptor
like protein, 999 amino acids in length. MtGS02:GFP is located at cell periphery and within the nucleus of onion
epidermal cells while it is located along root cell boundaries ofM. truncatula root. GFP localization siteswithin cell
boundaries could be an evidence of cell to cell communication function of our predicted MtGSO2. Exogenous
phytohormones were able to elucidate the differences in supn root phenotype from those of wild type and the
previously characterized supernodulating, sunnmutant.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Rhizobia are able to establish symbiotic relationship with legumes.
Azorhizobium, Bradyrhizobium, Mesorhizobium, Rhizobium, and
Sinorhizobium are able to achieve this relationship. Such bacteria can
reduce atmospheric N2 to ammonia in a process known as biological
nitrogen ﬁxation. Nodules are the plant symbiosis-speciﬁc organs
within which the bacteria can be hosted by the plant (Udvardi and
Day, 1997). Energy supplemented by the host plant is undertaken by
the bacteria through the ﬁxation process. Nitrogen ﬁxation allows the
plants to grow independently of expensive exogenous nitrogen supple-
ment and reduces the associated pollution. Medicago truncatula and
Lotus japonicus are two legume plants that have been selected as
legume models to study the nitrogen ﬁxation process at genetic and
molecular level because of their small diploid genomes (Cook, 1999;
Udvardi et al., 2005). Legumes such as bean and pea consider as impor-
tant protein sources for human food and animals feed (Kinney, 1998).
Identiﬁcation and characterization of new symbiotic genes shouldeucine-rich repeat receptor like
quence tag; IAA, indole-3-acetic




. This is an open access article undercontribute to the establishment of a friendly agriculture and should
favor the production of new performing legume varieties.
Tobacco retrotransposon Tnt1 is an efﬁcient mutagen in M.
truncatula, and thus can be used as a tool for powerful insertion
mutagenesis in this plant (D'Erfuth et al., 2003). Tnt1 belongs to long-
terminal repeats LTR retro-transposon subclass as it harbors two direct
repeats within both ends. It is 5.3 kb long, creates 5 bp duplication in
both sides upon its insertion, and it causes stable mutations that suc-
cessfully can passed onto progeny. It was isolated after its transposition
into NiaD tobacco's gene (Grandbastien et al., 1989). Transposition
activation is enhanced during biotic, abiotic stresses and tissue culture.
Thus bulky scale insertion mutagenesis in model plants could be easily
achieved during the process of tissue culture. Recently the Cicer
arietinum Retroelement1 (CARE1) (Rajput and Upadhyaya, 2010); the
Medicago Retroelement1-1 (MERE1-1) (Rakocevic et al., 2009); and
Lotus Retrotransposon1 (LORE1a) (Madsen et al., 2003), have been
characterized within legumes. Rice (Tos17) and tobacco (Tnt1 and
Tto1) were used in insertion mutagenesis in rice, Arabidopsis and
Medicago (Okamoto and Hirochika, 2000; D'Erfuth et al., 2003).
The largest Medicago Tnt1-insertion mutant population is found in
Samuel Roberts Noble Foundation. Several mutant phenotypes have
been isolated, non-nodulating (Nod−), non-nitrogen-ﬁxing white
nodules (Nod+Fix−), pale-pink nodules (Nod+Fix+/−),mutants de-
fective in nodule emergence, elongation, and nitrogen ﬁxation (Nod ±
Fix−), super-nodulating mutants (Nod++) (Pislariu et al., 2012).
All autoregulation-defective legume mutants, such as Glycine max
autoregulation receptor kinase (nark) (Carroll et al., 1985; Searle et al.,the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. One week-old seedlings of supn, sunn, and R108.
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et al., 2002), L. japonicus hypernodulation aberrant root formation
(har1) (Wopereis et al., 2000; Nishimura et al., 2002), klavier
(Oka-Kira et al., 2005), too much love (Magori et al., 2009), and M.
truncatula sunn (Schanabel et al., 2005) display a hypernodulating
phenotype and belong to nitrogen-tolerant symbiosis (nts) group. The
M. truncatula sunn gene encodes a CLV1-like LRR-RLK that regulates
nodule number and root length. Another M. truncatula hyper-
nodulating mutant skl that is defective in an ortholog of Arabidopsis
EIN2 gene (Penmetsa and Cook, 1997).
This review is a dissection study of a novel M. truncatula super-
nodulating mutant, supn that is impaired in nodulation inhibition
process prior to Rhizobial infection. Our mutant does not relay within
under the three mutant categories of increased nodule number, nts
group, ethylene-insensitive group or light-insensitive group.
2. Materials and methods
2.1. Plant material
M. truncatula mutant line NF2813 (Noble Foundation Tnt1 mutant
collection, Tadege et al., 2008) which is derived from theM. truncatula
R108-1 ecotype.M. truncatula nodulation experiments were performed
using nitrate free BNM medium (Ehrhardt et al., 1992). Also sunn
mutant (Tnk100) (Pislariu et al., 2012), as a positive control for
supernodulation phenotype and R108wild typewere used in this study.
2.2. Bacteria strain
M. truncatula plants were inoculated with Sinorhizobium meliloti
strains Sm1021 (Galibert et al., 2001). Agrobacterium rhizogenes strain
Arqua1 (Quandt et al., 1993) was used for hairy root transformation.
Agrobacterium tumefaciens strains GV3101 was used for agro-inﬁltration
transformation.
2.3. DNA extraction, digestion and ampliﬁcations
About 10 plants from line NF2813 have been subjected to genomic
DNA extraction according to D'Erfuth et al. (2003). Genomic DNA pool
of NF2813 was double digested using EcoRI-MfeI and AseI-NdeI sepa-
rately for 3 h followed by ECO and ASE adaptor ligation respectively.
Tnt1 borders ampliﬁcation was done through nested PCR to amplify all
tagged fragments in this mutant line; All DNA ampliﬁcations were
done using TaKaRa LA polymerase; all restriction enzymes used
are Fermentas fast digest; and TaKaRa T4 DNA ligase was used for all
ligation reactions.
2.4. Cloning of tagged fragments
Ampliﬁed Tnt1-tagged fragments were puriﬁed using QIAquick
PCR Extraction Kit (Qiagen) followed by cloning in pGEM-Teasy vector
(PROMEGA). The tagged fragments were veriﬁed by colony PCRFig. 2. Hypernodulation phenotype of supn (NF2813).technique, visualized using 1.5% agarose and the different size frag-
ments were puriﬁed and sequenced. SP6&T7 universal oligonucleotide
primers were used in ampliﬁcation process.
2.5. MtGSO2:GFP localization and agroinﬁltration transient transformation
A. tumefaciens strains GV3101 harboringMtGSO2:GFP was used for
living onion epidermis agro-inﬁltration according to Xu et al. (2014)
to localize the MtGSO2 within the plant cells.
2.6. Hairy root transformation
Hairy root transformationwas done as described by Boisson-Dernier
et al. (2001). Agrobacterium rhizogenes strain Arqua1 containing the
GSO2-pCP60 andMtGSO2:GFPplasmidswasused separately. The trans-
formed plantlets were transferred into (1:3, sand/perlite) medium for
nodulation assessment in growth room at 24 °C and 60% humidity
with a 16-h light period.Fig. 3. PCR product using SUNN-1 & SUNN-3 (1) R108 (2) supn, SUNN-2 & SUNN-4
(3) R108 (4) supn, SIK-AF & SIK-DR (5) R108 (6), SIK-BF & SIK-ER (7) R108 (8). R108
was used as a positive control for all the ampliﬁcation. M: 1 kb fermentas ladder marker.
Fig. 4. supn-Tnt1order ampliﬁcation (A) EcoRI &MfeI-double digestion experiment PCRII using EcoII and LTR4oligonucleotide primers. (B) EcoRI &MfeI-double digestion experiment PCRII using
EcOII and LTR6 oligonucleotide primers. (C) AseI & NdeI-double digestion experiment PCRII using AseII and LTR4 oligonucleotide primers. (D) AseI & NdeI-double digestion experiment PCRII
using AseII and LTR6 oligonucleotide. Lanes from 1–16 are AA, AC, AG,AT,CA,CC,CG,CT,GA,GC,GG,GT,TA,TC,TG,TT respectively at the end of EcoII and AseII oligonucleotide primers.
102 G.A. Abu El-Heba et al. / Plant Gene 4 (2015) 100–1082.7. Statistical analysis
ASSISTAT Version 7.7 beta t-test was used in statistical analysis.
3. Results
3.1. Phenotype description of supn mutant
The supn mutant plants were tested for their root and super-
nodulation phenotypes and comparing them with sunn and R108 wildTable 1
supn Tnt1-tagged sequences and its accession number provided by Genbank.
Sequence name Length Accession number Organism
SUPN_1 216 KP674182 Medicago truncatula chrom
SUPN_2 200 KP781860 No matching
SUPN_3 550 KP781861 Medicago truncatula chrom
SUPN_4 219 KP781862 No matching
SUPN_5 450 KP781863 Medicago truncatula chrom
SUPN_6 200 KP781864 Medicago truncatula chrom
SUPN_7 250 KP781865 No matching
SUPN_8 568 KP781866 Medicago truncatula Recep
SUPN_9 250 KP781867 Medicago truncatula chrom
SUPN_10 399 KP781868 Medicago truncatula UDPgl
SUPN_11 349 KP781869 Medicago truncatula chrom
SUPN_12 287 KP781870 Medicago truncatula
SUPN_13 650 KP781871 Medicago truncatula chrom
SUPN_14 850 KP781872 No matching
SUPN_15 250 KP781873 No matching
SUPN_17 223 KP781874 No matching
SUPN_18 350 KP781875 No matching
SUPN_19 237 KP781876 Medicago truncatulatype as a control. One week-old seedlings showed variations in root
length through the three lines, sunn displayed the shortest root length
followed by supn then R108 (Fig. 1). The mean values for root length
were 6 cm, 5 cm, and 3 cm for R108, supn mutant, and sunn mutant
respectively. Despite that sunn mutant was able to produce excessive
nodule phenotype in MSmediumwith 5 mMNH4NO3, added to deter-
mine nitrogen tolerance of nodulation, supnmutant failed to exhibit this
nitrogen-tolerant symbiosis phenotype. supn nodule-phenotype was ob-
served threeweeks post-inoculatedwithwild type S.meliloti usingBNM
medium, nodule number was counted 30 ± 5 per each individual plantReference E-value
osome 7 gb|AC150777.2 1.0e-109
– –
osome 8 gb|AC135100.12 0.0
– –
osome 3 emb|CU062422.10 1.0e-168
osome 3 emb|CU570678.3 2e-99
– –
tor-like protein kinase (MTR_5g087080) XM_003616982.1 0.0
osome 5 emb|CU137665.1 2e-50
ucuronosyltransferase (MTR_6g014190) ref|XM_003618608.1 0.0
osome 3 ref|XM_003618608.1 7e-75
gb|AC146817.10 1.0e-101






Fig. 5. PCR product using (A) SE16-R & LTR6 (B) ASE19 & LTR4 (C) ASE21 & LTR4, does not gave ampliﬁcation in all mutant plants belong to supnmutant line whereas (D) 13C-F & LTR4
gave appropriate size ampliﬁcation within all mutant plants.
103G.A. Abu El-Heba et al. / Plant Gene 4 (2015) 100–108and the nodules are arranged in clusters as shown in (Fig. 2). However
nodule number was estimated by 10–12 nodules/plant in wild type
and 10 folds nodule number increasing in sunn and skl mutants
(Penmetsa et al., 2003). This result was as a durable clue that supn
does not obey the formerly identiﬁed M. truncatula sunn or sklmutant
phenotypes.
3.2. Molecular identiﬁcation of sunn mutant
Oligonucleotide primer sets were designed to allow screening the
intact MtSUNN and MtSICKLE genes and also used in a combination
with LTR4&LTR6 oligonucleotide primers (Ratet et al., 2010) to conﬁrm
Tnt1 borders lacking within both genes in supn. The resulted 1900 bp
and 2200 bp PCR fragments using SUNN-1: 5′-ATGAAAAACATCACAT
GTTATTTG-3′ & SUNN-3: 5′-TTCCATGCTTTTGCCATGTG-3′ and SUNN-
2: 5-AACCGTTTTA ACGGCCAACT & SUNN-4: 5′-CTAGAGATTAATCAAG
TTGTGACT-3′ respectively conﬁrmed the incidence of SUNN gene with-
out any insertion. In the case of SICKLE, the two oligonucleotide pairs,
SIK-AF: 5′-ATGATGATATGATGTTTGATCATGAG-3′& SIK-DR: 5′-GGCCTC
CTCTTGATTGACGATTGC-3′ and SIK-BF: 5′-AGAGGTGTAAGACTGCCATT
TCAG-3′& SIK-ER: 5′-TCACCTAAAAAAAAAGTATACATGC-3′, were used
and resulted in 1.7 kb and 2 kb fragments respectively (Fig. 3). On the
other hand using both LTR4 and LTR6 with SUNN1&SUNN-4 and
SIK-AF&SIK-ER for SUNN and SICKLE respectively gave rise to null ampli-
ﬁcation conﬁrming that supn mutant line does not harbor any Tnt1
border within SUNN and SICKLE genes. All together our supn mutant
is identiﬁed and conﬁrmed as a new M. truncatula super-nodulationFig. 6. The predictedMedicago truncatula LRR-receptor-like GSO2 is ancestry related to Glycin
aligned protein sequences. Phylogenetic tree was constructed using ClustalW2_phylogeny EMmutant; it is not following autoregulation of nodulation or ethylene-
insensitive mutants′ characterizations of sunn or SICKLE mutant
respectively.
3.3. Identiﬁcation of Tnt1 insertions in supn mutant
ECO and ASE oligonucleotide adaptors were used to allow the
ampliﬁcation of the Tnt1 borders using LTR3, LTR4, LTR5, and LTR6
oligonucleotide primers for the Tnt1 transposon with EcoI, EcoII, AseI,
and AseII for the adaptor side. This AFLP-type PCR was carried out as
described by Ratet et al. (2010) as shown in (Fig. 4 A, B, C, D). Different
sizes tagged fragments (~40 Tnt1 insertion sites) were subjected to
sequencing and analyzing process.
3.4. supn-tagged-loci
M. truncatula insertions were sequenced prior to cloning in pGEM-
Teasy. FSTs corresponding to supn mutant line were submitted to
Genbank http://www.ncbi.nlm.nih.gov/. Genbank accession numbers,
the matching reference genes and the E-value are shown in (Table 1).
3.5. Candidate mutated genes for supn mutant line
Tnt1 insertions that were liable for the supn phenotype are: SUPN_8
insertion located within receptor-like protein kinase gene at chromo-
some 5, before the ATG start codon, SUPN_6 insertion positioned at
500 bp before the TAA stop codon of polygalacturonase-1 non-catalytice soja GSO2-like A0A0B2S9C. The tree was built using the neighbor-joining method from
BL-EBI.
Fig. 8.Mean root lengths of R108, supn (NF2813) and sunn (Tnk100) during 3weeks since
germination in BNM free media.
Fig. 7.MtGSO2:GFP localized at cell periphery and nucleus of onion epidermal cells (A) 100× ampliﬁcation (B) 400× ampliﬁcation andatMedicago truncatula root cells periphery (C) 100×
ampliﬁcation (D) 150× ampliﬁcation.
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UDP-glucuronosyl transferase gene. Oligonucleotide primers: ASE16:
5′-CACCAAACTTTTCTATGATGGTTA-3′& ASE19:5′-CCAGAGTATTGCGA
AATTACC-3′, and ASE21F:5′-CGCAAGAGCAAGTACTGAACCACC-3 were
designed and PCR reactions were carried out using ASE16&LTR6,
ASE19&LTR4, and ASE21&LTR4 for supn_8, supn_6, and supn_10 respec-
tively. DNAs of plant collection that belong to supn mutant line were
used to proof or neglect the appropriate locusmutation. PCR results indi-
cated that Tnt1 border corresponding to these insertionsdoes not exist in
all plants' genomes corresponding to this line (Fig. 5A, B, C). Consequent-
ly, thedata denied any attempt to associate the hyper-nodulation pheno-
type with the insertion within those loci. SUPN_19 is the most reliable
insertion as it exhibited a 98% homology with M. truncatula genome
with E-value 1.0e-128 while it revealed a reasonable similarity with
Glycine soja LRR receptor-like serine/threonine-protein kinase GSO2-
like. Oligonucleotide 13CF: 5′-CCGGCTTGGTGTGTTAGATTTGTC-3′ was
designed and used in combination with LT4 for representing the
mutation in all members of plant collection of this line.
PCR result indicated that Tnt1 borders exist in all plant collection at
the proper locus (Fig. 5 D) indicating that SUPN_19 insertion could be
accountable for the super-nodulation mutation phenotype.
3.6. MtGSO2-like prediction, cloning and sequencing
NetGene2v.2.4 software was used to analyze ~6 kb nearby the inser-
tion site. TheM. truncatula GSO2-like that encodes LRR receptor-like was
predicted and the two oligonucleotide primers GSO2-F: 5′CGCGGATCCC
TACAGTTCAAGTATGGCC-3′& GSO2-R: 5′–CGGGGTACCAGTCTTTGAGCTACCTTCT–3′ were designed to amplify the full length-predicted GSO2-
like gene. BamHI andKpnI were added to 5′ and 3′ respectively to facilitate
sub-cloning in pBIN19-derived vector pCP60 (Li et al., 2004). The ampli-
ﬁed fragment was cloned in pGEMT easy followed by sequencing and
Genbank submission with accession number KP781859. The putativeM.
truncatula GSO2-like is 3287 bp in length with two exons and one intron,
1974 bp, 1140 bp, and173 bp lengths respectively. The exon–intron junc-
tion was predicted using the same software.MtGSO2-like is predicted to
encode LRR-receptor like protein 999 amino acids in length. Phylogenetic
tree was constructed using ClustalW2_phylogeny EMBL-EBI as shown in
(Fig. 6). MtGSO2 is an ancestry related to M. truncatula receptors like
105G.A. Abu El-Heba et al. / Plant Gene 4 (2015) 100–108protein A0A072U8A1, A0A072U8A9, and A0A072U8L9, Glycine soja
GSO2-like A0A0B2S9C,M. truncatula-disease resistance family protein/
LRR protein A0A072U9B3, Glycine max K7MH16, K7LUE3, K7MHX8,
K7MHX1, K7MHW4, K7MHU1, and K7MHV6 and Phaseolus vulgaris
V7C1S6.Fig. 9. Evaluation of root growth rate of supnmutant line (NF2813) with sunn (Tnk100)3.7. MtGS02:GFP localization
The predicted proteinwas fusedwith EGFP through designing the ol-
igonucleotides pair FLS-GFP-F:5′-CACCATGGCCTTGTTGATGAGTTTGG-
3′& FLS-GFP-R:5′-AAACCTTCTGCATTTCACGTAAATATT-3′ to amplify theand R108 wild type under effect of addition 0.1 & 1 μM (A) IAA, (B) NAA, (C) AVG.
Table 3
T-test for NAA exp. Data analysis at a level of 5% probability, VC% = 16.11 midpoint =
3.75000.
0.1 μM NAA 1 μM NAA
Week 1 Week 2 Week 3 Week 1 Week 2 Week 3
R108 3.4000 3.7000 3.9000 2.2000 2.6000 4.4000
NF2813 3.3000 3.4000 5.0000 2.6000 3.1000 5.0000
Tnk100 3.5000 4.8000 5.4000 3.6000 4.3000 5.2000
Table 2
T-test for IAA exp. Data analysis at a level of 5% probability, The averages followed by the same letter do not differ statistically between themselves and for columns=0.8521 and for rows=
0.8521 VC% = 15.67 midpoint = 5.00000.
0.1 μM IAA 1 μM IAA
Week 1 Week 2 Week 3 Week 1 Week 2 Week 3
R108 2.9000 aC 3.1000 bC 3.7000 bC 3.6000 aC 6.1000 aB 7.1400 aA
NF2813 3.0000 aC 5.0000 aA 5.4000 aA 3.4000 aBC 4.0000 bB 5.8000 bA
Tnk100 3.0000 aC 3.8000 bBC 4.6000 aAB 3.8000 aBC 4.3000 bAB 5.0000 bA
106 G.A. Abu El-Heba et al. / Plant Gene 4 (2015) 100–108full length predicted MTGSO2 without TAG stop codon for creating
N-terminal fusion to the ﬂuorescence tag. The ampliﬁed fragment was
introduced into pENTR/D-TOPO (Invitrogen) and then to pB7FWG2
destination vector (Karimi et al., 2002). Agrobacterium–mediated tran-
sient transformation was carried out in living onion epidermal cells as
an efﬁcient and rapid technique for fusion protein localization in planta.
Result indicated that MtGS02:GFP is located at cell periphery and within
the nucleus (Fig. 7 A&B). Hairy root was carried out to introduce and
observe the expression pattern of MtGS02:GFP within M. truncatula
root cells. GFP was clearly visualized along root boundary as shown in
(Fig. 7 C&D).
3.8. MtGSO2-pCP60 construction and complementation
MtGSO2-fragment was excised from pGEMTeasy and sub-cloned in
pCP60 under 35S promoter at the appropriate cloning sites (BamHI–
KpnI).MtGSO2-pCP60 was delivered to the root of 30 individual plants
that belong to supn through hairy root. Nodulation test was carried
out in all transformed roots two weeks prior to hairy root. All
transformed roots showed supernodulation phenotype prooﬁng that
the complementation ability of MTGSO2 is completely failed to comple-
ment the supernodulation mutation phenotype of supnmutant.
3.9. Physiological characterization of supn
Phytohormones are signal molecule known to control nodulation
process (Hirsch, 1992; Ferguson and Mathesius, 2003). Auxins play a
crucial role on germination, growth, and all plant developmental
processes. Thimann described that P. sativum nodules contained auxin
which is increased through root nodulation (Thimann, 1936). IAA is a
plant native auxin that is considered as most important member of
auxin family while NAA is plant synthetic hormone, used as rooting
enhancer in various tissue culture media. Ethylene is a gaseous phyto-
hormone involved in seed germination, root elongation, seedling
morphogenesis, ﬂowering promotion, fruit ripening, and abscission.
Exogenous addition of IAA, NAA, and AVG hormoneswas supplied to
M. truncatula growthmedia with different concentrations to investigate
their inﬂuence in phenotype of supn comparing to sunn and R108.
3.10. Effect of Auxin, IAA and NAA, in supn mutant root growth rate
Wild type R108 and sunn were used as two controls for comparing
normal growth and supernodulation growth rates respectively with
our supnmutant. The mean root lengths of the three lines were scored
during three weeks growing in BNM free media (Fig. 8). 0.1 μM &
1 μM of IAA and NAA were supplemented separately to BNM growth
media and the root lengths were recorded every week. Data revealed
that IAA has an inhibitory effect on root growth in wild type and the
two mutant lines as well (Fig. 9A). The strongest inhibitory inﬂuence
has been recorded in R108 wild type followed by supn ﬁnally by sunn
over the 0.1 μM&1 μMof IAA applications regarding the normal growth
rate without hormonal treatment. IAA inhibitory retarding root growth
of R108 and supn to a limit closely to that of sunn to resulting in non-
signiﬁcant differences among root lengths during the ﬁrst week in
both concentrations. All other values are signiﬁcantly different at
p b 0.01 as shown in (Table 2). Almost similar inhibition effect wasobtained through NAA treatment with an exception for the wild type
which showed stronger inhibition effect by NAA treatments than
those of IAA (Fig. 9B). It was obvious that the rate of root growthwas re-
stricted over the three weeks resulting in the non-signiﬁcance differ-
ences in roots lengths among the three lines (Table 3).
3.11. Effect of ethylene inhibitor, AVG, in the rate of root growth of supn
mutant
To observe the impact of AVG addition in growthmedia in the rate of
root growth, concentrations of 1 μM & 1 μM were used and the root
lengths were recorded every week. The comparison has been done
between supn & sunn and R108. Despite that the rate of root growth is
dramatically increased in both R108 and supn mutant, the differences
in lengths between the two lines are still clearly observed. In contrast,
sunn mutant is shown to be completely unaffected by 0.1 μM AVG
addition while it showed moderate increase in root growth using the
higher AVG concentration 1 μM (Fig. 9A). All values are signiﬁcantly
different at p b 0.01 as shown in (Table 4).
4. Discussion
NovelM. truncatulamutant line (NF2813), supn, is veriﬁed as hyper-
nodulation phenotype mutant. supn mutant is showing shorter root
phenotype and increasing nodule numbers approximately three folds
compared to wild type phenotype. In this manuscript both phenotype
description and molecular characterization provide us an evidence
that supn mutant does not belong to the previously characterized M.
truncatula sunn or sklmutants. SUNN encodes LRR-RLK, which is defec-
tive in sunnmutant. Consequently, sunn is impairing in perception of in-
fection signal that derived by the root as a respond of Rhizobia infection
to reduce the auxin transport from shoot to root. Hence, sunn has exces-
sive loading of auxin content in root than in wild type (van Noorden
et al., 2006). The supernodulating phenotype of skl is triggered by
ethylene insensitivity (Penmetsa and Cook, 1997). Similar to sunn,
long distance auxin transport does not reduce prior to Rhizobia
infection in skl in contrast to the wild type (Prayitno et al., 2006).
Grafting experiments conﬁrmed that hypernodulation in sunn is shoot
controlling while in skl is root regulation.
Pislariu analyzed that 2801 ﬂanking sequence tags isolated from 156
lines confer symbiotic mutants through screening a Tnt1-insertion mu-
tant population of M. truncatula. They identiﬁed several insertions in
known nodulating genes such as: DOESN'T MAKE INFECTIONS (DMI1,
DMI2 and DMI3) NODULE INCEPTION (NIN), NODULATION SIGNALING
PATHWAY (NSP1, NSP2) ERF REQUIRED FOR NODULATION, and a number
Table 4
T-test for AVG exp. Data analysis at a level of 5% probability. The averages followed by the same letter donot differ statistically between themselves and for columns=1.5159, and for rows=
1.5159, VC% = 16.36, Midpoint = 9.75000.
0.1 μM AVG 1 μM AVG
Week 1 Week 2 Week 3 Week 1 Week 2 Week 3
R108 6.3000 aD 9.0000 aC 11.4000 aB 8.4000 aC 11.0000 aB 13.6000 aA
NF2813 4.4000 bE 7.0000 bCD 9.0000 bAB 5.5000 bDE 8.0000 bBC 10.4000 bA
Tnk100 2.4000 cC 3.3000 cBC 4.2000 cB 4.0000 bB 6.8000 bA 7.6000 cA
107G.A. Abu El-Heba et al. / Plant Gene 4 (2015) 100–108of supernodulating in SUNN (NF1526 and NF2629, NF0984, NF1709,
NF1858, NF3352, and Tnk100) and SKL (NF2085) (Pislariu et al., 2012).
Recently, promising evidences have been achieved through genetic
and molecular analysis of such varieties of plant mutants. In our study
more than ~40 Tnt1 insertion sites have been sequenced during
molecular characterization of supnmutant line. About 50% of the insertions
were localizedwithinnon-sense loci suchas: chloroplast or ribosomalDNA,
about 20% insertions in non-coding regions and about 20% showed
insertions in non-matching sequences. About only 10% of insertions
were convincing to be accountable for supernodulation phenotype.
Molecular test negates the relation between insertions in SUPN_6,
SUPN_8, and SUPN_10 located within receptor-like protein kinase
gene, polygalacturonase-1 non-catalytic subunit beta UDP-glucuronosyl
transferase gene respectively with supernodulation phenotype.
Molecular aspects provide us a strong indication that the Tnt1 inser-
tion in SUPN_19 locus may be responsible for supernodulation pheno-
type. The high similarity of SUPN_19 with Glycine soja LRR receptor-
like serine/threonine-protein kinase (GSO2-like kinase) enables us to
isolate M. truncatula homolog locus by using NetGene2v.2.4 software
for predicting gene existence within the properMedicago BAC sequence
(gb|AC127428.42). The predicted M. truncatula GSO2-like which is
3287 bp in length with two exons and one intron, predicted to encode
LRR-receptor like protein 999 amino. The ﬁrst plant receptor-like kinase
was identiﬁed in maize (Walker and Zhang, 1990). RLKs harboring LRR
arewidely distributed in plant genomewith unknown function formost
of them. Some of those kinases act as cell surface signal receptors and
transducer and believed to be responsible for cell to cell communication
in both plant and animal community (Takayama and Sakagami, 2002).
Since plant's RLKs play crucial roles in almost all vital activity like;
plant growth, developmental process, and defense mechanism during
plant infection (Becraft, 2002; Afzal et al., 2008), it was likely expected
that the mutation within the predictedM. truncatula GSO2-like may be
responsible for the hypernodulation phenotype of supn. Consistent
with the fact of involving LRR-RLK in cell to cell communication,
MtGS02:GFP is located at cell periphery and within the nucleus of
onion epidermal cells and along root cell boundaries of M. truncatula
root. Suggesting that MtGSO2 is involved in cell to cell communication
or it is acting in some pathway signal transduction. Even though all
clues were referred to the SUPN_10 mutation responsibility of
supernodulation phenotype, unfortunately genetic complementation
using the wild type analogous locus failed to compensate the mutation
of plants that belong to supn. Further investigations will be needed in
the future for studying supn mutant line that may lead to determine
new symbiotic gene/s.
Our physiological analysis revealed that supn mutated plants re-
spondwith differentways than controls, thewild type and sunnmutant
plants. It is likely to be known that Rhizobia infection triggers auxin ac-
cumulation in nodule initiation zone by temporary and localized auxin
transport inhibition. In contrast to sunnmutant which is displaying in-
crease in auxin transport and consequently auxin content caused by
auxin long-distance (van Noorden et al., 2006). This is in agreement
with our data which presented that IAA and NAA exogenous addition
didn't alter the shorter phenotype of sunn due to the already existing
of excessive auxin loading from shoot to root. So that IAA exogenous
treatment slightly affects sunnwhile it considerably render supnmutant
root growth rate and strongly reduced root growth of the wild type.From previous data we can assume that auxin signal pathway may be
defected in supnmutantwith different bathways than sunnmutant. An-
other phytohormone, is ethylene that has a negative effect in nodule
formation which in turn can be enhanced in M. truncatula by root-
treatmentwith; AVG, the ethylene synthesis inhibitor, or Ag+, the eth-
ylene perception inhibitor (Peters and Crist-Estes, 1989; Caba et al.,
1998). Considering that defective in ethylene signaling bath way inM.
truncatula resulting in sklmutant phenotype, it was essentially to ob-
server the AVG addition consequence on supn phenotype. The analo-
gous respond of R108 and supn to AVG enables us to conclude that
ethylene signaling path way does not have any conﬂict with the
hypernodulation phenotype of supn. Isolation of SUPN should have
promising information about nodulation regulation and consequently
nitrogen ﬁxation. Also the predicted MtGSO2-like protein needs more
investigation related to gene function and its acting pathway.
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